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Abstract: Satellite remote-sensing data on the sea and land areas provide the information on both 
the surface albedo and aerosol optical thickness (AOT). In this study, the surface albedo 
distributions are derived from the satellite data on the monthly composite image with relatively 
clear atmosphere, and subsequently, the AOT at 550 nm is extracted for relatively turbid days. The 
temporal changes of the albedo and AOT distributions are derived from GMS-5/VISSR visible 
images with radiance components calculated by the MODTRAN4 code. 
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1. Introduction 
 Radiances measured by a satellite sensor include the effect of extinctions (i.e. the sum of 
scattering and absorption) due to air molecules and atmospheric aerosols. Although ground sensors 
provide local values of aerosol extinction, generally ground-based measurements over a wide range 
are not practical. If albedo distributions are available a priori, two-dimensional aerosol distributions 
can be readily obtained from satellite images. Recently, we have investigated the method of 
deriving the ground albedo and aerosol optical thickness (AOT) over the Chiba area from 
high-resolution, Landsat-5/TM data.1) In the present paper, we employ the GMS-5/VISSR data, 
which provide us with hourly data,2) in contrast with the data at fixed local time in the case of 
polar-orbiting satellites such as the Landsat satellite. From the GMS data, the atmospherically 
corrected albedo image (ρclear map) is derived over and around the main islands in Japan under 
relatively clear atmospheric conditions. This albedo information, in turn, is used to generate the 
two-dimensional distribution of AOT (τ map) every one hour during the daytime. We use the 
channel 1 (wavelength: 0.55-0.99 µm) data of GMS-5/VISSR on August and December 1998. 
Images are extracted by choosing 200 pixels×200 pixels around the main land area in Japan. 
 
2. Method 
2.1 Generation of the lookup table 
 The radiation-transfer code, MODTRAN4,3) is employed to calculate the total radiance Ltotal 
(ρ,ρ,τ550) at the top of the atmosphere for the GMS-5/VISSR visible channel. Here, ρ stands for the 
diffuse albedo of the target (with the assumption of Lambertian reflectance), ρ is the average 
albedo around the target pixel, and τ550 the AOT at the wavelength of 550 nm. In the algorithm of 
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the code, the wavelength dependence of the extinction 
(and absorption) is dictated by the aerosol model chosen 
in the calculation. Here we assume the maritime model 
throughout the present study. As explained below, the 
choice of the aerosol model does not influence the 
resulting albedo distribution in a significant way, though 
the choice is more influential in the AOT retrieval from 
relatively turbid images. For each pixel in the VISSR 
image, appropriate values of the solar and observation 
geometry are given to the code as well.  
   Figure 1 illustrates the four radiance components 
required in the process of atmospheric correction.4) 
Among the four components, three components (direct 
reflection Lgd, indirect reflection Lgi, and path-radiance 
involving the surface scattering Lpm) are dependent on the surface albedo values, while the last 
component (L0) stands for the path radiance that is dependent only on the atmospheric conditions. 
Using these four components, the total radiance (Ltotal) is given as 
     ( ) ( ) ( ) ( )5500550pm550gi550gd550total ,, τρτρρτρττρρ LSSSL +×+××+×=⎟⎠⎞⎜⎝⎛              (1)             
In the present analysis, we omit the consideration on the adjacency effect ( ρρ = ). 
 
2.2 Derivation of ground albedo 
   From the condition that the calculated value of the total radiance Ltotal(ρ,τ550) is equal to the 
observed radiance Lobs(DN) (here DN stands for the digital number of a pixel in the satellite image), 
we can construct a lookup table (LUT) that shows the relationship among ρ,τ550 and DN. An 
example of this relationship is shown in Fig. 2. From Fig.2, it is evident that when the value of the 
AOT is small (clear atmosphere), the ρ-τ550 relation does not change significantly even when a 
different aerosol model is assumed for the 
calculation of the LUT. For clear atmosphere, in 
addition, the value of ρ varies only slightly for a 
small change of τ550. Here the ρclear map is derived 
under these assumptions, and furthermore, the 
map is considered as representing the albedo 
distribution of the relevant region during the same 
season. 
   Unlike the case of TM images, it is rather 
difficult to find a completely “clear” day for the 
VISSR images around Japan. Therefore we deal 
with the images over a time span of one month, 
and synthesize a hypothetically clear image by 
Fig.1 Radiance components at the top 
of the atmosphere. These values are 
calculated by the MODTRAN4 code.
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Fig.2 Relationship between albedo ρ and 
aerosol optical thickness τ=τ550. 
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choosing pixels that exhibit the smallest (or second smallest) DN values. It is noted that sometimes, 
pixels with the second smallest DN must be chosen, since the rainfall on the day before, for 
example, might have caused irrelevantly small value of the surface albedo. We assume in this 
atmospheric correction procedure that the AOT can be given as τ550=0.1. The error range associated 
with this assumption will be discussed in Sec. 3.3. Another important aspect about the present 
analysis is that the ρclear image needs to be prepared for each local time, since it is found that the 
albedo values exhibit non-negligible variations in accordance with the change of the solar position. 
 
2.3 Derivation of aerosol optical thickness 
   In order to derive the distribution of AOT, we choose images that are mostly free from the effect 
of clouds, but considerably affected by aerosols. For each pixel, the determination of τ550 is 
straightforward, since the LUT calculated as mentioned above can be used to derive τ550 from each 
pixel using the corresponding DN (from the satellite data) and ρ (from the ρclear image) values. 
 
3. Results and discussion 
3.1 Albedo distribution 
Examples of the ρclear maps are shown in Fig. 3. As a whole, as the local time (Japan Standard 
Time, JST) changes, the albedo values change as well. Since the viewing angle is kept constant in 
the case of the geo-stationary satellite, this change is traced back to the change in the solar zenith 
angle. In Fig. 3, some areas over the ocean show high albedo values. These correspond to the pixels 
with high DN values even in the case of the monthly composite image, indicating insufficient 
removal of the cloud effects. 
 
 
           (a)                 (b)                  (c) 
Fig.3  ρclear  maps for (a) 9:00, (b) 11:00, (c) 13:00 JST in December 1998. 
 
3.2 AOT distribution 
  Multi-temporal τ550 maps on a relatively turbid day (13 December 1998) are shown in Fig. 4, 
where the albedo image (monthly composite) used in the retrieval is the one at 10:00 JST. In this 
case, appropriate masks are applied for areas with outside the reasonable range in the ρ-τ550 
relationship (e.g. τ550>1) shown in Fig. 2. In Fig. 4, it is found that the temporal variation of AOT is 
large, and the resulting τ550 values are in general considered too high over the land regions. In Fig. 5, 
the temporal τ550 maps on the same day as in Fig. 4 are shown, but here they are based on the 
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temporal ρclear maps, each corresponding to the same local time as the turbid image. In Fig. 5, the 
temporal change in τ550 is smoother, and reasonable values are obtained over both the ocean and 
land regions. This example indicates that in order to derive reasonable τ550 maps, it is required to 
employ the ρclear map that corresponds to the same local time.  
 
 
                      (a)             (b)            (c) 
Fig.4 τ550 maps on a relatively turbid day (13 December 1998) calculated with a fixed ρclear map 
(10:00 JST, December 1998): (a) 9:00, (b) 11:00, and (c) 13:00 JST. 
 
                      (a)            (b)           (c) 
Fig.5 τ550 maps on a relatively turbid day (13 December 1998) calculated with the ρclear map for the 
same local time: (a) 9:00, (b) 11:00, and (c) 13:00 JST. 
 
3.3 Accuracy of the albedo map 
Comparison of ρclear images from the August and December observations is shown in Fig.6. In 
the latter (winter) case, high albedo values are observed in the Hokkaido (northern island) and 
northern areas along the Sea of Japan due to the ground snow. In the former (summer) case, low 
albedo values are observed over the land areas along the seashore. If no irregularities in the data are 
responsible for these low albedo values, the most plausible cause would be the local weather. 
 
 
      (a)                     (b) 
 
Fig.6 ρclear map using the
minimum DN image: (a) 10:00 
JST, December 1998, (b) 10:00 
JST, July 1999. 
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 Figure 7 shows an example of the monthly variation of DN values for a pixel that has shown 
very small DN values. It is seen from Fig. 7 that such small values of DN are found just after the 
days with higher DN values, suggesting the occurrence of rainfall and subsequent enrichment in the 
soil moisture. In this context, the use of the lowest DN is often problematic. The ρclear map 
corresponding to the second lowest DN is shown in Fig. 8. Here, recovery of the seashore albedo 
values is seen, at the expense of somewhat insufficient removal of the cloud effects. 
 
Fig.7 Monthly change of DN for a fixed pixel (December 1998, in land area). 
 
 
                  (a)                   (b) 
Fig.8  ρclear map using the second smallest DN. 
(a) 10:00 JST, December 1998, (b) 10:00 JST, July 1999. 
 
   The effect of the AOT assumption (τ550=0.1) in the derivation of the ρclear map is examined in 
the resulting ρclear maps. At two pixels over the land area each having DN=40 and 80 respectively, 
the values of ρ are studied for three values of AOT (τ550=0.08, 0.10, and 0.12). The result is 
ρ=0.0397, 0.0391, and 0.0382 for DN=40 and ρ=0.2121, 0.2118, and 0.2114 for DN=80. Therefore 
the error is insignificant, on the order of 2%. 
 
4. Conclusions 
 We have constructed time-dependent albedo maps form the monthly composite imagery of 
GMS-5/VISSR channel 1 (visible and near-infrared) data. These ρclear maps are used to derive the 
temporally changing AOT distribution maps (τ550 maps) for a relatively turbid day in the same 
season. By matching the local time between the albedo and AOT maps, we have obtained 
reasonable AOT distributions over both sea and land surfaces. In some regions, however, the 
separation between the sea and land areas is still evident: this can be treated more suitably by, for 
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example, improving the aerosol model with consideration on the regional change of aerosol optical 
properties. More theoretical validation is needed to check the validity of the temporal changes 
found in the ρclear maps, since this apparent BRDF effect6) is significant in spite of the fact that the 
effect is brought about mainly by the change in the solar zenith angle. 
   It has also been turned out that the AOT value assumed for the derivation of the ρclear map does 
not affect the result in a significant way. However, care must be taken with respect to the 
appropriate choice of the dark pixels (low DN values). The long-term retrieval of accurate albedo 
and AOT maps will contribute greatly to the understanding of the atmospheric trends around the 
Japanese archipelago and East Asia. For that purpose, we will continue our effort on further 
improvement in the accuracy of the albedo and AOT maps.   
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